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王湾及附近区域表层沉积物中重金属 Cu 的含量为 9.84~36.33 mg/kg；Pb 为
1.53~11.21 mg/kg；Zn 为 46.20~159.05 mg/kg；Cd 为 0.04~0.24 mg/kg；Cr 为





新奥尔松地区柱状沉积物中重金属 Cu 的含量为 13.25~20.30 mg/kg；Pb 为
4.36~9.28 mg/kg；Zn 为 79.23~97.70 mg/kg；Cd 为 0.10~0.17 mg/kg；Cr 为
20.29~34.23 mg/kg。重金属 Cu、Zn、Cd 和 Cr 含量在柱状沉积物中呈现锯齿多
峰状，重金属 Pb 含量在 1760~1960 年间变化幅度较小，而在 1977~2010 年间含
量呈明显增加趋势。此外，在 1893~1943 年间，重金属 Cu 和 Zn 含量有增加的
趋势，但变化幅度小，说明新奥尔松地区煤矿的开采对当地沉积物中重金属的含
量由影响，但影响较小。数理统计分析结果说明，柱状沉积物中的重金属主要源
自岩石风化和自然侵蚀。柱状沉积物中 6~15 cm 层段各种重金属元素处在同一水
平上，可视为新奥尔松地区重金属的环境背景值。 
南极菲尔德斯半岛表层沉积物和土壤中重金属 Cu 的含量为 58.55~562.17 
mg/kg；Pb 为 0~2.51 mg/kg；Zn 为 54.61~577.93 mg/kg；Cd 为 0.04~5.77 mg/kg；
Cr 为 6.83~39.49 mg/kg。重金属 Pb 和 Cr 平均含量明显低于全球页岩均值，而
Cu、Zn 和 Cd 平均含量高于全球页岩均值。地质累积指数法表明 Zn 和 Cu 在该












































   Concentrations of heavy metals in sediments and soils from Kongsfjorden, 
Ny-Ǻlesund, Fildes Peninsula and its vicinity were determined by Atomic absorption 
spectrometry. Heavy metals pollution assessment in sediments and soils from the 
study areas were conducted by geoaccumulation index and potential ecological risk 
index. The main conclusions were as following: 
Heavy metal concentrations in surface sediments from Kongsfjorden varied from 
9.84~36.33 mg/kg for Cu, 1.53~11.21 mg/kg for Pb, 46.20~159.05 mg/kg for Zn, 
0.04~0.24 mg/kg for Cd, 6.05~49.56 mg/kg for Cr. The mean concentrations of all 
metals except Zn in the surface sediments from Kongsfjorden were significant lower 
than the earth crust values. On the whole, the assessing results by geoaccumulation 
index (Igeo) were consistent with that by potential ecological risk index (RI). It 
indicated that heavy metals showed an unpolluted situation in the study area. Results 
from the correlation analysis, principal component analysis (PCA), and cluster 
analysis (CA) suggested that natural source was the main source of heavy metal in 
sediments from the study area. And metals (Pb and Cd) in sediments might be 
affected by the atmospheric sedimentation or human activities. 
Heavy metal concentrations in core sediments from Ny-Ǻlesund varied from 
13.25~20.30 mg/kg for Cu, 4.36~9.28 mg/kg for Pb, 79.23~97.70 mg/kg for Zn, 
0.10~0.17 mg/kg for Cd, 20.29~34.23 mg/kg for Cr. Except Zn in surface sediments, 
concentrations of all selected metals in core sediments were lower than the earth crust 
values. Heavy metals, Cu, Zn, Cd and Cr, throughout the sampled core sediments 
fluctuated slightly, contents of Pb between 1760 and 1960 also changed relatively 
slightly, whereas there was a significant increasing trend from 1977 to 2010. In 
addition, between 1893 and 1943, heavy metal concentrations of Cu and Zn increased. 
However, changes were minimal, indicating that coal mining in the very late 
nineteenth and early twentieth century impacted heavy metal content in Ny-Ǻlesund 
to a small extent. Results from the Igeo and RI suggested that heavy metals in core 

















showed a light pollution. Statistical analyses show that the heavy metal concentrations 
in the core sediments were mainly derived naturally from weathering and natural 
erosion. The sediment core layers between 6 to 15 cm, contained different heavy 
metals of similar concentrations and can be regarded as environmental heavy metal 
background values of Ny-Ǻlesund.  
Heavy metal concentrations in surface sediments and soils from Fildes Peninsula 
varied from 58.55~562.17 mg/kg for Cu, 0~2.51 mg/kg for Pb, 54.61~577.93 mg/kg 
for Zn, 0.04~5.77 mg/kg for Cd, 6.83~39.49 mg/kg for Cr. The average contents of Pb 
and Cr were significantly lower than the earth crust values, while Cu, Zn and Cd were 
higher. The result of geoaccumulation index showed that Fildes Peninsula was widely 
contaminated by Zn and Cu. Contamination of Cd existed in some stations of the 
study area. Integrating the potential ecological risk index, the results showed that the 
soil in Fildes Peninsula had a certain degree of heavy metal pollution. Furthermore, 
Correlation and cluster analysis showed that Cu, Zn and Pb had similar sources or 
geochemical behavior. 
Kongsfjorden is a glacial fjord in the Arctic, which is significantly influenced by 
climate change. In this paper, it is the first time to study systematically on the 
geochemical characteristics of some heavy metals in surface sediments from the 
southern coast of Kongsjorden. Heavy metal in core sediments from Ny-Ǻlesund was 
investigated to reveal sediment records of heavy metal, and discuss the effects of coal 
mining in Ny-Ǻlesund. Furthermore, it is the first time to investigate the distribution, 
ecological risk assessment and sources of some heavy metals in soils from Ardley 
Island. 
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第一章 绪 论 
1.1 重金属概述 
1.1.1 定义及生物毒性 







时，多表现出毒性效应（Bryan et al.，1976；Lai et al.，2008）。Pb、Cd、Hg 等
非必需元素不参与机体的代谢活动，它们的中毒临界值很低（Tüzen，2003）。 
重金属因其生物毒性、持久性、难降解性、生物累积等特性，被认为是海洋






























地径流等（Christophoridis et al.，2009；Mucha et al.，2003；Zheng et al.，2008），
其中工农业废水的排放，矿山的开采，重金属农药的流失等是主要的污染来源。
例如海洋环境中重金属 Cu 的人为来源主要与纺织生产、海洋防污剂、含铜杀菌







气长距离输送作用下，迁移至开阔大洋或极地等区域（Bard et al.，1999；Scholten 
et al.，1998）。大量研究表明，对于近岸水体，重金属进入海水中绝大部分被悬
浮颗粒物吸附，悬浮物及其吸附的重金属元素在水体中沉降转移至沉积物中






层相结合，当沉积物的理化学条件（如 Eh、 Ph、 盐度、温度等）发生变化时，
沉积物中的重金属又会重新进入上覆水体中，引起二次污染（Carman et al.，2007；






























者的关注（Cuong and Obbard，2006；Ngiam et al.，2001；Yuan et al.，2004）。 
常用多级连续提取法对沉积物中重金属进行形态分析，应用较广泛的多级连
续提取法有 Tessier 法（Tessier et al.，1979）、Forstner 法（Kersten and Förstner，
1986）及欧共体标准物质局（European Community Bureau of Reference，BCR）
提出的 BCR 法，其中以 Tessier 和 BCR 法最为权威。Tessier 逐级提取法将沉积
物中重金属的存在形态分为可交换态、碳酸盐结合态、铁锰氧化物结合态、有机
结合态及残渣态（Tessier et al.，1979）。BCR 于 1992 年组织了 35 个欧洲实验室
致力于土壤和沉积物中重金属元素的形态分析方法学研究（Quevauviller et al.，
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